INTRODUCTION
Ion implantation has been shown to produce a high density of metal colloids in glasses and crystalline materials. The high-precipitate volume fraction and small size of metal nanoclusters formed leads to values for the third-order susceptibility much greater than those for metal doped solids 113. This has stimulated interest in use of ion implantation to make nonlinear optical materials. On the other side, LiNbO, has proved to be a good material for optical waveguides produced by MeV ion implantation [2] . Light confinement in these waveguides is produced by refractive index step difference between the implanted region and the bulk material. Implantation of LiNb0, with MeV metal ions can therefore result into nonlinear optical waveguide structures with great potential in a variety of device applications. We describe linear and nonlinear optical properties of a waveguide structure in LiNb0,-based composite material produced by silver ion implantation in connection with mechanisms of its formation.
EXPERIMENT
The sample was made of 1-mm thick LiNb0, ( z-cut) implanted with 1.5-MeV Ag ions to a dose of 2 . 0~1 0 '~ cni-2. Implantation was done at room temperature. Fig.1 presents the distribution of the implanted silver along the depth of the sample calculated by the Monte-Carlo simulation program TRIM96 [3] . The position of the peak of the distribution defines the depth of the implanted layer at 0.41 pm and FWHM of the distribution gives an estimate of 0.24 pm for Light transmission along the implanted layer (treated at 506%) was studied using the prism coupling technique [4] . The technique is based on light tunneling from a prism with high refractive index (rutile, index is 2.8643) to the implanted light guiding layer through a small air gap (Fig. 2) . The phase matching condition for light coupling is where up is the prism refractive index; 0 the thickness of the layer. number for the nz-th order mode in the waveguide. Energy channeling to a guided mode leads to the drop of the intensity of the light outcoupled from the prism which is monitored with a photo detector. Measuring the intensity dependence on tlie incidence angle, it is possible to obtain 9, , , and then to calculate Ifnl. The implanted layer refractive index nf and thickness Jy can be found from the solution of the system of dispersion equations at least for two modes. For spolarization (TE -modes) these equations can be written as:
where 3L is the light wavelength, n, and n, are the substrate and the cladding (air) refractive indices respectively . Similar equations can be foriiiulated also €or TM-modes. TIa~pwmi ccup4s Metricon 2010,was used in our measurements. indicate that the light guiding layer with the index greater than that of the substrate (2.2867) is spread along the depth up to 0.75 pm and therefore goes beyond the limits of the 0.24-pm-wide nuclear stopping region where the implanted Ag ions were originally located (Fig. 1) . This is indicative &silver ion diffusion out of the original location during heat treatment accompanied by the increase of the refractive index of the crystal.
The linear optical absorption spectra of the implanted sample are shown in Fig. 4 . The spectrum right after implantation exhibits the prominent single surface plasmon peak near 430 nm which is the signature of nanometer size clusters of metallic silver formed in the host. The radius of the clusters can be estimated by using the relation R = V,/AW,,~, where V ' and Aa1j2 are Fermi's velocity of silver ( 1.39~10' cm/s [5] ) and the half width of the abso tion 1 hour lead to the red shift of the absorption peak to 550 nm (Fig. 4 ) without significant change of Amll2 (and, correspondingly, of the radius R ). Shang, et. al. proposed to explain this effect as a result of the volume fraction increase due to Ag precipitation near the surface [7] . Another likely contributing factor is that the heat treatment is working to remove implantation damage [8] . LiNbO, implanted with 190 KeV Ag at 1 en shown to undergo fullfull removal of the implantation damage [9] . At the end of range ions implanted into LiNbO, have been shown 12, 81 to decrease the index of refraction by over 5 percent. Reducing the host index by 5 to 10 percent would result in a shift of the expected absorption peak for Ag from 520 nm to approximately 480 nm.
The nonlinear refractive index of the sample after heat treatment was characterized using the Z-scan technique [lo] . The laser source was a tunable dye laser (with laser dye Rhodamine 6G) pumped by a frequency-doubled mode-locked NtkYAG laser (76-MHz pulse repetition rate). The tuning range was 555 to 600 nm. The average power of the laser radiation applied to the sample varied from 100 to 350 mW. The laser pulse duration (FWHM) was 4.5k0.8 ps. The beam diameter was 3.0 inm. Estimated laser peak power density in the sample placed near the focus of the lens (125-mm focal distance) in the Z-scan experiment was 0.025 to 0.088 GW/cm2. The closed aperture Z-scan demonstrated typical behavior of a nonlinear refractive medium with positive nonlinear refractive index [lo] . The open aperture Z-scan showed saturation of nonlinear absorption of the sample (optical transmission peak) at the distance z = 0 from the focus. The measured nonlinear refractive index of the sample is plotted against the wavelength in Fig5 (circles) . It repeats the linear absorption spectrurn fraction of which is depicted by a solid line 1. This is a typical picture when the surface plasmoi~ resonance contributes to the intrinsic nonlinear peak, respectively [6] . In our case R = 1.1 nm. Heat treatment after the implantation at 5 &G epitaxial regrowth after heat treatment at 4 & but an anneal of 80 
CONCLUSIONS
We have fabricated a planar nonlinear optical waveguide using implantation Ag ions in LiNbO,. The implanted composite light guiding layer exhibits a Kerr-type nonlinear susceptibility. The nonlinear refractive index for the Ag:LiN bo3 composite compares well to other metal colloid composites prepared by ion implantation. It is particularly twice as high as the index for Cu:silica composite.
